Purpose. To study contrast-enhanced MRI guided photodynamic therapy with a pegylated bifunctional polymer conjugate containing an MRI contrast agent and a photosensitizer for minimally invasive imageguided cancer treatment. Methods. Pegylated and non-pegylated poly-(L-glutamic acid) conjugates containing mesochlorin e 6 , a photosensitizer, and Gd(III)-DO3A, an MRI contrast agent, were synthesized. The effect of pegylation on the biodistribution and tumor targeting was non-invasively visualized in mice bearing MDA-MB-231 tumor xenografts with MRI. MRI-guided photodynamic therapy was carried out in the tumor bearing mice. Tumor response to photodynamic therapy was evaluated by dynamic contrast enhanced MRI and histological analysis. Results. The pegylated conjugate had longer blood circulation, lower liver uptake and higher tumor accumulation than the non-pegylated conjugate as shown by MRI. Site-directed laser irradiation of tumors resulted in higher therapeutic efficacy for the pegylated conjugate than the non-pegylated conjugate. Moreover, animals treated with photodynamic therapy showed reduced vascular permeability on DCE-MRI and decreased microvessel density in histological analysis. Conclusions. Pegylation of the polymer bifunctional conjugates reduced non-specific liver uptake and increased tumor uptake, resulting in significant tumor contrast enhancement and high therapeutic efficacy. The pegylated poly(L-glutamic acid) bifunctional conjugate is promising for contrast enhanced MRI guided photodynamic therapy in cancer treatment.
INTRODUCTION
Photodynamic therapy (PDT) is a non-invasive modality to treat solid tumors (1) . It involves the delivery of photosensitizers to tumor tissues followed by irradiation with laser of corresponding wavelength (2) . Upon irradiation, activated photosensitizers convert oxygen to singlet oxygen, which leads to cell death and tissue necrosis (3) . Since the singlet oxygen is short-lived, the photosensitizer needs to be in close proximity to the target site to cause maximum damage. Currently available clinical photosensitizers are low molecular weight compounds with poor tumor specificity (4) . The non-specific uptake of photosensitizers in normal tissues is associated with phototoxicity, e.g. skin phototoxicity. To improve therapeutic efficacy of the photosensitizers they have been conjugated to polymers, antibodies or incorporated into micelles, liposomes, etc. (5) (6) (7) (8) . These macromolecular systems increase drug uptake into tumors via the enhanced permeation and retention (EPR) effect, increasing the efficacy of photodynamic therapy and reducing non-specific phototoxicity (9, 10) .
In addition to an efficient delivery system, determining the timing of maximal accumulation of therapeutic moieties in target tissues is equally important for accurate site-directed irradiation of tumors. Recently, there has been an increased interest in the use of photosensitizers with in vivo imaging modalities to provide a common system for simultaneous imaging and therapy (11) (12) (13) . MRI is a non-invasive imaging modality and has several advantages over other imaging modalities since it provides three-dimensional anatomic images with high spatial resolution. The combination of MRI with photodynamic therapy provides image-guidance for laser irradiation (14, 15) , and non-invasive assessment of the therapeutic efficacy of PDT (16) . Previously, we have shown that contrast-enhanced MRI-guided photodynamic therapy using a bifunctional polymer conjugate containing an MRI contrast agent and a photosensitizer is effective for tumor imaging and cancer treatment (17) .
In this study we modified poly-(L-glutamic acid)-(mesochlorin e 6 )-(Gd-DO3A) conjugate with polyethylene glycol to improve its efficacy in contrast-enhanced MRI-guided photodynamic therapy by reducing non-specific liver uptake and increasing tumor accumulation. Pegylation has been shown to improve the pharmacokinetics of proteins, polymers and small molecules (18) (19) (20) (21) . Conjugation of hydrophilic PEG onto polymers hinders the adsorption of opsonins, preventing their recognition by the reticuloendothelial system (RES) (22) . Incorporation of PEG onto the bifunctional polymer conjugate is expected to reduce liver uptake of the conjugate and increase tumor accumulation. The pharmacokinetics and tumor accumulation of the pegylated bifunctional conjugate can be non-invasively visualized with contrast enhanced MRI, which also allows accurate determination of the timing of maximal accumulation of conjugates in tumor tissues and provides image-guidance for site-specific photodynamic therapy. The efficacy of the pegylated conjugate in contrast enhanced tumor imaging and photodynamic therapy was investigated in mice bearing MDA-MB-231 human breast carcinoma xenografts. Tumor response to photodynamic therapy was evaluated by non-invasive dynamic contrastenhanced MRI and correlated to histological analysis.
MATERIALS AND METHODS

Materials
All chemicals were used without further purification, unless otherwise specified. Mesochlorin e 6 monoethylene diamine (Mce 6 ) was purchased from Porphyrin Products (Logan, UT). Monomethoxy PEG amine (mPEG-NH 2 , MW=2,000 Da) was purchased from Nektar Therapeutics (Huntsville, AL, USA). Gd(OAc) 3 was obtained from Alfa Aesar (Ward Hill, MA, USA). Spectra/Por regenerated cellulose membranes (MWCO=16-18 kDa) were purchased from Spectrum Laboratories (Rancho Dominguez, CA, USA). PD-10 desalting columns were purchased from GE Life Science (Piscataway, NJ, USA). DO3A-(acetic acid-1,6-hexadiamine monoamide) (DO3A-AHM) and poly-(L-glutamic acid) N-hydroxylsuccinimide active ester (PGA-OSu) were synthesized from PGA (M w =87 kDa, M n =67 kDa) as previously described (17, 23) .
Synthesis of Pegylated Polymer Conjugates
Pegylated bifunctional poly-(L-glutamic acid) conjugate, PEG-PGA-(Gd-DO3A)-Mce 6 , was synthesized in DMF via stepwise conjugation of PGA-OSu (100 mg, 0.30 mmol based on monomeric glutamic acid) with DO3A-AHM (143 mg, 0.28 mmol), Mce 6 (13 mg, 0.02 mmol) and monomethoxy PEG amine (30 mg, 0.015 mmol). The reaction mixture was stirred for 48 hours at room temperature. DMF was evaporated, and the residue was dissolved in water and purified by ultrafiltration (MWCO=10,000 Da) to remove low molecular weight compounds. The concentrate obtained after ultrafiltration was reacted with excess Gd(III) acetate at pH 7.4 in the presence of citric acid. Complexation was carried out at 40°C for 24 h and at room temperature for another 48 h, followed by the addition of EDTA to complex unreacted Gd(III) ions. The complexes were purified by size exclusion chromatography using a PD-10 desalting column, eluted with TRIS buffer (pH 7.4) containing 30% acetonitrile. A poly-(L-glutamic acid) conjugate containing mesochlorin e 6 and Gd-DO3A, PGA-(Gd-DO3A)-Mce 6 , and a poly-(L-glutamic acid) conjugate containing only Gd-DO3A, PGA-(Gd-DO3A), were also synthesized using a similar procedure.
Characterization of Conjugates
Molecular weights of the polymers and the polymer conjugates were determined using size exclusion chromatography on an AKTA FPLC system with a Superose 6 column (GE Healthcare), calibrated using poly-[N-(2-hydroxypropyl) methacrylamide] standards. PEG content was determined via NMR on a Mercury 400 MHz spectrometer before complexation of Gd(III). Gd content in the conjugates was determined by inductively coupled argon plasma-optical emission spectrometry (ICP-OES, Perkin Elmer, Norwalk, CT, Optima 3100XL). Mesochlorin e 6 
Animal Models
Human breast carcinoma cell line MDA-MB-231 was purchased from American Type Culture Collection (ATCC, Manassas, VA, USA) and cultured in L-15 media supplemented with 2 μM glutamine and 10% FBS in 5% CO 2 . Female athymic nu/nu mice (6 weeks old) were purchased from the National Cancer Institute (Frederick, MD, USA). The mice were cared for according to the guidelines of the IACUC, University of Utah. The mice were subcutaneously implanted in the flank with 2×10
6 MDA-MB-231 cells in 50 μl culture media mixed with 50 μl BD® Matrigel. Visualization of biodistribution of the conjugates using contrast-enhanced MRI was carried out when the tumor size reached approximately 9 mm in diameter. Contrast-enhanced MRI-guided photodynamic therapy was carried out at a tumor diameter of 3-5 mm.
Contrast-Enhanced MRI
The real-time biodistribution and tumor uptake of the polymeric conjugates were visualized in mice bearing MDA-MB-231 breast carcinoma xenografts. Each group of three mice was intravenously administered with PEG-PGA-(Gd-DO3A)-Mce 6 , PGA-(Gd-DO3A)-Mce 6 and PGA-(Gd-DO3A), respectively, at a Gd dose of 0.05 mmol/kg. MR imaging was carried out on a Siemens Trio 3T MRI scanner. Pre-contrast images were acquired prior to the administration of the conjugates. Post contrast images were obtained at 2, 5, 10, 15, 20, 30 min and 1, 2 and 18 h post injection. MR images were acquired using a 3D Flash sequence (TR=7.74 ms, TE= 2.74 ms, flip angle=25°, slice thickness=0.5 mm and FOV= 50 mm), followed by a 2D spin echo sequence (TR=400 ms, TE=10 ms, flip angle=90°, slice thickness=2 mm and FOV= 34 mm). Image analysis was carried out using Osirix® imaging software. Contrast enhancement in the blood pool (heart), liver and tumor was estimated by measuring signal intensity in the regions of interest. Contrast enhancement was expressed as signal-to-noise ratio (SNR) and calculated for each image slice as follows: SNR=(SI tissue −SI air )/σ noise , where SI tissue is the signal intensity in the tissue of interest, SI air is the signal intensity of the background air, and σ noise is standard deviation of background air (noise). The data is represented as signal intensity ratio calculated as a ratio of SNR values post-contrast to pre-contrast, and averaged over the mice in each group.
For contrast-enhanced MRI-guided PDT, PEG-PGA-(Gd-DO3A)-Mce 6 , PGA-(Gd-DO3A)-Mce 6 or PGA-(Gd-DO3A), was intravenously administered into a group of six mice via a tail vein. The Mce 6 containing conjugates were injected at the same Mce 6 equivalent dose of 6 mg/kg. PGA-(Gd-DO3A) conjugate was injected at a Gd equivalent dose of 0.045 mmol/kg. MR images were acquired before and at 2, 5, 10, 15, 20, 30 min, and 1, 2 and 18 h post injection using the same sequences described above.
Photodynamic Therapy
After image acquisition, tumor was irradiated with 650 nm diode laser (CAO group, UT) at 18 and 24 hours post-injection for 15 min at a light dose of 200 mW/cm 2 (180 J/cm 2 ). Tumor size was measured before and at regular intervals after irradiation for a period of 60 days. Tumor size was calculated using the formula π/6×a×b. The animals were sacrificed at 60 days or when the tumor weight reached 10% of the body weight. Relative tumor size was calculated as a percentage of tumor size increase during 60 days as compared to tumor size before the treatment. The percentage of relative tumor size increase after the treatment with PEG-PGA-(Gd-DO3A)-Mce 6 , PGA-(Gd-DO3A)-Mce 6 and PGA-(Gd-DO3A) was expressed as mean±SEM and statistically analyzed using repeated measures ANOVA with Bonferroni's post test, considering statistical significance at p<0.05.
Dynamic Contrast-Enhanced MRI (DCE-MRI)
DCE-MRI experiment was performed to assess tumor response to therapy at 45 and 30 days after the treatments for the treated animals and control group, respectively. DCE-MRI was carried out at an earlier time point for the control group due to the rapid increase in tumor size. The mice were anesthetized, cannulated with a 30G needle via a tail vein and placed in a human wrist coil. Pre-contrast images were obtained using a 3D FLASH sequence (TR=7.74 ms, TE=2.75 ms, flip angle=25°, slice thickness=0.5 mm, and acquisition matrix of 256×128) followed by a 2D spin echo sequence (TR=400 ms, TE=10 ms, flip angle=90°, slice thickness=2 mm, and acquisition matrix of 128×256). A subsequent dynamic scan using T 1 weighted, fast 2D FLASH sequence was obtained with following parameters: TR=104 ms, TE=4.46 ms and a flip angle of 30°, slice thickness=1.5 mm, FOV=50 mm (t=11 s), and acquisition matrix of 128×256. After three pre-contrast scans, a bolus injection of a biodegradable macromolecular contrast agent Gd-DTPA cystine copolymers (GDCP) (M n =35 kDa, M w = 39 kDa) (25) was administered at a dose of 0.1 mmol-Gd/kg (150 μl), followed by a 250 μl heparinized saline wash. A total of 900 images were acquired in 15 min post-injection.
A homemade Matlab program was used to process the 2D Flash data obtained in DICOM format from Osirix ® . Regions of interest (ROI's) were manually drawn at least six times at the tumor periphery for each image slice. Relative signal intensity (ΔSI) in the ROIs was calculated as the ratio of post-contrast to pre-contrast signal intensities, and plotted against time to generate dynamic uptake curves of contrast agent in tumor periphery over 15 min. The DCE-MRI data was also analyzed pixel by pixel using a homemade Matlab program and 2D axial vascular flow leakage rate or permeability maps were calculated based on a modified two-compartment model (26) .
Histological Analysis
The mice were sacrificed at 60 days or when the tumor weight reached 10% of the body weight. Tumor tissues were collected, fixed in 10% buffered formalin and embedded in paraffin (27) . Tissue sections were cut at 4 μm and prepared on uncharged slides. Tissue sections were stained with hematoxylin and eosin and analyzed by microscopy. Peripheral microvessel density counts were obtained from at least 30 consecutive high power fields of viable tumor along the periphery of the tumor. Each high power field was ×400 magnification (i.e.: ×40 objective lens and ×10 ocular lens, Olympus BX51 microscope, 0.53 mm 2 per field measured by ocular micrometer). Peritumoral vessels were not counted. Only those structures within the tumor that could be unequivocally established as vessels by the presence of endothelial cells and intraluminal red blood cells were counted. Microvessel density was calculated as the mean of microvessel counts in the high power fields examined and reported as Mean±SEM. The results were analyzed using one way ANOVA, considering statistical significance at p<0.05.
RESULTS
PGA Conjugates
The pegylated bifunctional conjugate, PEG-PGA-(Gd-DO3A)-Mce 6 , was synthesized by stepwise addition of DO3A-AHM, mesochlorin e 6 and monomethoxy PEG-amine (MW=2 kDa) to PGA-OSu (Fig. 1) . Poly-(L-glutamic acid) with mesochlorin e 6 and Gd-DO3A, PGA-(Gd-DO3A)-Mce 6 , and a control conjugate, PGA-(Gd-DO3A), were synthesized as previously described (17) . The number and weight average molecular weights of PEG-PGA-(Gd-DO3A)- 
Visualization of Biodistribution with MRI
The real-time biodistribution of polymeric conjugates in tumor bearing mice was non-invasively visualized using contrast-enhanced MRI. Figure 2 shows the representative 3D maximum intensity projection (MIP) images and 2D T 1 weighted images of tumor tissues for mice receiving PEG-PGA-(Gd-DO3A)-Mce 6 , PGA-(Gd-DO3A)-Mce 6 , and PGA-(Gd-DO3A) conjugates at a dose of 0.05 mmol-Gd/kg before and at various time points after injection. The same Gd(III) equivalent dose was used to ensure consistency in evaluation of the biodistribution for the polymer conjugates. Figure 2 , a indicated a significantly prolonged blood circulation for the pegylated conjugate as compared to the non-pegylated conjugate and the control. The signal in blood was still visible for the pegylated conjugate after 2 h, while that of the non-pegylated conjugates decreased by 30 min. PEG-PGA-(Gd-DO3A)-Mce 6 also showed lower enhancement in the liver than the nonpegylated conjugate and the control, indicating lower liver uptake of the pegylated conjugate. On the other hand, strong enhancement was observed for PGA-(Gd-DO3A)-Mce 6 in the kidneys and liver, indicating higher uptake of the conjugate in these tissues. Moreover the liver contrast enhancement was lower for PEG-PGA-(Gd-DO3A)-Mce 6 than PGA-(Gd-DO3A)-Mce 6 at 18 h post injection. Corresponding to a higher blood pool contrast enhancement, the pegylated conjugate also showed a higher tumor accumulation over 18 h (Fig. 2, b) .
The dynamic distribution of the conjugates was also semiquantitatively estimated as signal-to-noise ratio (SNR) in blood Figure 3A shows a significantly high signal intensity ratio in the blood pool (p<0.05) for the pegylated conjugate over a period of 2 h. The non-pegylated conjugate, on the other hand, showed a rapid decrease in signal intensity ratio within 30 min of injection. The signal in the blood pool for all the three conjugates returned to similar levels after 18 h. The pegylated conjugate also showed a lower signal intensity ratio in the liver than the non-pegylated conjugate and the control, Fig. 3B . Corresponding to the lower signal intensity ratio in the liver, PEG-PGA-(Gd-DO3A)-Mce 6 showed higher signal-to-noise ratio in tumor tissues over 18 h (Fig. 3C) , indicating higher tumor accumulation of the conjugate.
Photodynamic Therapy
Contrast-enhanced MRI was also performed in tumor bearing mice to study tumor enhancement of the conjugates at the same Mce 6 dose for image-guided photodynamic therapy. The drug containing pegylated and non-pegylated conjugates were injected at a dose of 6 mg-Mce 6 /kg. Corresponding to a constant Mce 6 dose, the Gd(III) dose was 0.045 mmol/kg for PEG-PGA-(Gd-DO3A)-Mce 6 and 0.07-mmol/kg for PGA-(Gd-DO3A)-Mce 6 . PGA-(Gd-DO3A) was injected at Gd equivalent dose of 0.045 mmol/kg. Figure 4 shows the representative 2D axial images for contrast enhancement in tumors before and at 2, 30 min and 18 h post-injection of the polymeric conjugates. Significantly strong contrast enhancement was observed in the tumor with PEG-PGA-(Gd-DO3A)-Mcee 6 as compared to the non-pegylated conjugate and the control at 18 h post-injection.
Based upon the MR imaging data, the first irradiation was carried out at 18 h post-injection to coincide with tumor accumulation of polymer conjugates. Tumors were irradiated again at 24 h post-injection, and tumor size measured every other day for up to 60 days. Figure 5 shows the percentage of increase in tumor size after the treatments with the pegylated, non-pegylated and control conjugates as compared to that before the treatments. PEG-PGA-(Gd-DO3A)-Mce 6 resulted in substantial inhibition of tumor growth as compared to PGA-(Gd-DO3A)-Mce 6 and PGA-(Gd-DO3A; p<0.05).
Dynamic Contrast-Enhanced MRI (DCE-MRI)
Dynamic contrast enhanced MRI was performed to noninvasively study the tumor response to various treatments. Figure 6A shows the representative dynamic change of relative signal intensity in peripheral tumor tissue over 15 min after i.v. administration of (Gd-DTPA)-cystine copolymers. Significantly lower signal intensity was observed in the tumor tissues treated with the pegylated and non-pegylated Mce 6 conjugates than those treated with the control (p<0.05), indicating a slower uptake of the contrast agent in the tumors treated with the photosensitizer. The tumors treated with the pegylated conjugate also had slower initial uptake than those treated with the non-pegylated conjugate. Figure 6B shows the representative 2D axial maps of the vascular flow leakage rate or permeability calculated from the DCE-MRI data. The tumors treated with PEG-PGA-(Gd-DO3A)-Mce 6 and PGA-(Gd-DO3A)-Mce 6 conjugates had lower vascular permeability than that treated with PGA-(Gd-DO3A), indicating low tumor viability and reduced vascular growth due to photodynamic treatment.
Histological Analysis
Microvessel density (MVD) is an established indicator of tumor response to therapy. MVD was obtained as an average of 
DISCUSSION
In this work, a pegylated poly(L-glutamic acid) bifunctional conjugate containing an MRI contrast agent and a photosensitizer was prepared to reduce non-specific uptake, particularly the liver uptake of conjugate and to improve tumor targeting in MRI-guided photodynamic therapy. Covalent conjugation of PEG onto polymers prevents their recognition by macrophages and increases their blood circulation time (28) . In addition, pegylated macromolecular photosensitizer conjugates have shown increased tumor retention and improved therapeutic profile (29, 30) .
Three-dimensional high-resolution dynamic contrast enhanced MRI is effective for non-invasive visualization of the real-time pharmacokinetics and biodistribution of the polymer conjugates in mouse tumor models (31) (32) (33) . The MRI study revealed that PGA-(Gd-DO3A)-Mce 6 resulted in relatively short blood circulation and high liver uptake possibly due to the hydrophobic interaction of mesochlorin e 6 with the reticuloendothelial system. The modification of PGA-(Gd-DO3A)-Mce 6 with mPEG of 2 kDa significantly reduced the non-specific liver uptake of the photosensitizer conjugate at the same Gd(III) dose. The pegylated conjugate resulted in more prolonged blood enhancement than PGA-(Gd-DO3A)-Mce 6 despite the relatively low relaxivity of the former. Generally, higher contrast enhancement in tissues corresponds to higher concentration of contrast agents as a result of increased accumulation. The prolonged circulation of pegylated conjugate in the blood can be attributed to reduced recognition by liver macrophages (Kupffer cells) and splenic macrophages (34) . This could also account for their higher accumulation in tumor tissues over 18 hours than nonpegylated and control conjugates. High tumor accumulation with low non-specific tissue uptake of the pegylated conjugate, as observed in Fig. 2, b , resulted in more effective tumor enhancement and sitedirected photodynamic therapy. Upon injection at the same mesochlorin e 6 dose, the pegylated conjugate showed a higher contrast enhancement in tumors despite the lower Gd (III) dose, indicating a better tumor uptake profile (Fig. 4) . Consistent with the higher tumor accumulation, the pegylated conjugate resulted in more significant tumor growth inhibition than the non-pegylated conjugate PGA-(Gd-DO3A)-Mce 6 after a single dose treatment (Fig. 5 ).
It appears that the timing of photodynamic therapy is also critical for the bifunctional conjugates. Contrary to the result in our previous publication (17) , PGA-(Gd-DO3A)-Mce 6 showed a lower therapeutic efficacy in this study. This difference in therapeutic efficacy could be attributed to the difference in the timing of laser irradiation. In the previous study, the tumors were irradiated at 2 and 18 h post-injection. The PDT at 2 h post-injection might cause tumor vascular damage due to the presence of the conjugate at high concentration in the blood pool in addition to PDT-related cytotoxicity. In this study, however, the irradiation time points were 18 and 24 h post-injection for all conjugates. It is expected that the blood concentration of the conjugate is significantly reduced at these time points. The damage to tumor tissues would most likely be caused by the PDT-related cytotoxicity inside the lesions and little or no efficacy would be associated with the damage to tumor microvasculature. It has also been reported that outcome of PDT is determined to a large extent by vascular response (35) . Therefore, therapeutic efficacy could be further enhanced by irradiating at early time points when the concentration of the photosensitizer conjugate would be higher within the tumor vasculature.
DCE-MRI with a biodegradable macromolecular MRI contrast agent was effective for non-invasive assessment of tumor response to photodynamic therapy based on the tumor vascular permeability. It has been demonstrated in various preclinical and clinical studies that DCE-MRI can provide timely and noninvasive assessment of the therapeutic efficacy in anti-angiogenesis therapy, which is comparable to morphological parameters (36, 37) . However, DCE-MRI with macromolecular contrast agents is advantageous for the characterization of tumor vascularity because they can selectively permeate through the hyperpermeable microvasculature of tumor tissues without extravasating through normal endothelium (38) . (Gd-DTPA) cystine copolymers are a biodegradable macromolecular MRI contrast agent that behaves initially as a macromolecular agent and can then degrade and excrete from the body after the MRI studies (39) . The vascular permeability maps of tumor tissues calculated from the DCE-MRI data correlated well to the tumor growth and histological analysis in different treatment groups. The tumor tissues treated with the polymer conjugates with the photosensitizer had significantly lower contrast agent uptake as observed on DCE-MRI. This could be attributed to the lower vascular permeability, lower MVD on histology and slower growth rate than those treated with the control. 
CONCLUSIONS
Pegylation of PGA-(Gd-DO3A)-Mce 6 significantly modified its pharmacokinetics and biodistribution. The pegylated bifunctional conjugate containing both photosensitizer and MRI contrast agent had prolonged blood circulation, reduced liver uptake and improved tumor targeting as shown by noninvasive three-dimensional high-resolution MRI. Correspondingly, the pegylated conjugate showed more significant tumor enhancement and better therapeutic efficacy than the nonpegylated conjugate for MRI-guided photodynamic therapy. Contrast-enhanced MRI can effectively detect changes in tissue distribution of polymer conjugates and guide sitedirected irradiation of target tissues. DCE-MRI with the biodegradable macromolecular MRI contrast agent was also effective in non-invasive assessment of tumor response to photodynamic therapy. Contrast-enhanced MRI-guided photodynamic therapy with the pegylated bifunctional polymer conjugate is promising for minimally invasive cancer treatment.
